Splenectomy has been performed for a heterogeneous group of hematologic diseases with a therapeutic or diagnostic purpose or as part of the staging process in Hodgkin's disease. Most patients undergoing therapeutic splenectomy are chronically ill with significant splenomegaly. This scenario can be associated with a high risk of postoperative morbidity and mortality due to the prolonged course of disease for patients with myelofibrosis; their susceptibility to infection, thrombosis, and hemorrhage; and the severe enlargement of their spleens. We have reviewed the main papers published about postoperative complications after splenectomy, analyzing the risk factors, prevention measures, and respective treatments. Great care must be taken in the management of patients presenting malignant diseases, splenomegaly, and hemostasis disorder. Moreover, despite the faster discharge that new surgical techniques now allow, close attention should be paid to symptoms reported by patients, in order to avoid potentially life-threatening complications such as portal vein thrombosis, pancreas injuries, and overwhelming postsplenectomy infection.
Introduction
Elective splenectomy continues to play a role in the management of hematologic diseases. [1] [2] [3] Splenectomy has been performed for a heterogeneous group of hematologic diseases with a therapeutic or diagnostic purpose or as part of the staging process in Hodgkin's disease. Splenectomy has proved to be safe and effective in selected patients presenting non-Hodgkin's lymphoma, idiopathic thrombocytopenic purpura, thrombotic thrombocytopenic purpura, and hairy cell leukemia. Current trends in the management of Hodgkin's and non-Hodgkin's lymphoma have led to a decrease in the frequency of splenectomy for staging purposes. 4, 5 The most common indications for therapeutic splenectomy are bulk symptoms and cytopenias. With the exception of idiopathic thrombocytopenic purpura, most patients undergoing therapeutic splenectomy are chronically ill with significant splenomegaly. 6, 7 This scenario can be associated with a high risk of morbidity and mortality. Among patients presenting myeloproliferative malignancies, the benefits of splenectomy must be carefully weighed against the risk of surgery and the patient's limited life expectancy. [8] [9] [10] [11] [12] Myelofibrosis and myeloid metaplasia have been historically associated with higher morbidity and mortality after splenectomy when compared with other hematologic disorders. 8, 10 The prolonged course of disease for patients with myelofibrosis; their susceptibility to infection, thrombosis, and hemorrhage; and the severe enlargement of their spleens have been described as factors that increase postoperative complication rates.
Numerous retrospective studies have demonstrated the dangers of splenectomy for certain high-risk disease states. 8, 12 The decision to proceed with splenectomy should involve careful consideration of its potential risks and benefits. Several retrospective studies of splenectomy for hematologic disease show complication rates that range between 13% and 52%, with mortality rates ranging from 1% to 9%. 1, 4, 8, 9 Musser et al 1 reported a complication rate of 25% and a 5% mortality rate in 306 splenectomies performed at the University of California, Los Angeles, with 19% of the procedures performed for diagnostic reasons only. The authors also acknowledge that significantly fewer complications were observed in patients undergoing diagnostic splenectomy. Dawson et al 2 reported a morbidity of 25% with a 1% mortality rate among 185 patients, 45% of whom were affected by Hodgkin's disease. Similarly, Johansson etal 3 described various complications in 14.5% of 200 splenectomies with a mortality rate of 1%. Again, 38% of those splenectomies were performed with staging purposes for Hodgkin's disease.
Many recent reports describe the benefits of laparoscopic splenectomy (LS), and LS is today the gold standard for any patient suffering from hematological benign diseases requiring splenectomy, except for rare cases due to massive splenomegaly (with high splenic size index) and patient body mass index (BMI). 13 Most of the reported data during these years reflect a good outcome in terms of both effectiveness and safety. This surgical procedure presents a low rate of total complications (16%, ranging from 3% to 20%) and postoperative mortality (average rate 1%-4%, up to 25% in cases of splenectomy due to malignancies). 14, 15 However, we must not forget that patients undergoing splenectomy present a strong reduction of their immunocompetence due to their hematological disease and related to the immunosuppressive therapy they receive, and therefore need proper postsurgery risk management.
Complications, which can occur in the early or late postoperative phase, may include pulmonary complications (3.8%), wounds (1.6%), infections (1%), subphrenic abscess (0.7%), bleeding (1.6%), gastrointestinal (1.5%), pancreatic (0.6%), cardiac (0.3%), thrombotic (0.9%), neurologic (0.2%), and genitourinary (0.4%), 16 and sometimes after the open approach, as observed by several authors, can be life-threatening. 17 Reduction of the wound infection rate is very important, as patients undergoing splenectomy are often immunocompromised.
LS, compared with the open technique, has proved to be the best choice in terms of less postoperative pain, faster recovery, and minor blood loss, together with less morbidity and wound infections, improved pulmonary function, early return to normal bowel function, decreased morbidity, and improved cosmetic results. 18, 19 Morbidity rates rise to 14%-50% in open splenectomy (OS) and to 20%-60% in splenomegaly cases treated with OS, but morbidity rates are comparable with normal cases when applying LS. 2 Moreover, whereas most laparoscopic studies reported minor complications such asileus, seromas of the port site, and pleural effusion, OS presents a high prevalence of severe complications such as subphrenic abscess requiring surgery (3%-5%), severe bleeding (5%-7%), and pulmonary embolism (2%-6%). 20 Finally, LS reduces intraoperative risk and postoperative complications most of all in older patients or patients presenting either comorbidity, malignancies, splenomegaly, or other factors that would lead us to consider them at high risk. 21 The aim of our study was to compare other authors' experiences, with reference to postoperative complications, by analyzing risk factors encountered and identified as the major causes of such complications and considering the preand postoperative management of the splenectomized patient in order to avoid and treat any possible complication.
Methods
A MedLine search was carried out for all English language reports that used the terms "splenectomy" or "laparoscopic splenectomy and complication" from January 1986 to November 2010. Surgical studies describing risk factors and outcomes of OS and LS have been reviewed in detail, and all references have been examined in order to find additional articles not identified by the MedLine search. Studies were excluded if any of the following parameters were present: fewer than 30 cases, traumatic or incidental splenectomy, data not reported on an intention-to-treat basis, or insufficient details regarding postoperative complications. Both adult and pediatric studies were included. Data extracted from each report include demographic data related to the disease, perioperative details, risk factors, and postoperative complications.
In order to write our review, we decided to include articles on both open and laparoscopic surgery, although most of the recent work we have analyzed refers only to the laparoscopic technique. malignant nature of the hematological disease, preoperative hematocrit and platelet count, operative time, operative position, need of accessory incision, transfusion status, learning curve, and existence of comorbidity could be considered independent risk factors. Their first analysis showed that the age of the patient (youngest and oldest patients are those at highest risk), malignancies, transfusional status, and spleen weight were to be considered independent factors enhancing the risk of complications. Moreover, Targarona's study underlined how such complications were technique related and demonstrated the existence of a learning curve. On the contrary, 1 year later, Cusick and Waldhausen 23 proved that all complications verified in their cases were rare and spaced out over the entire study series. Therefore, no trend regarding the complication rate was identified. Only blood loss decreased with time primarily because of the technical improvements. However, morbidity and mortality rates may remain at low levels in experienced hands and thanks to the use of up-to-date technological devices. 24 The most powerful predictor of morbidity is spleen weight, as already confirmed by Boddy et al, 25 who showed that the odds of morbidity were increased 14-fold in patients with a splenic weight exceeding 1 kg. This means that although LS is feasible on a splenomegalic patient presenting morbidity, transfusion rate, and mean hospitalization rates comparable with those for the open technique, 26 splenomegaly represents a risk factor for postoperative complications. LS is also feasible in patients with a giant spleen, but it is associated with greater morbidity, and the advantages of minimal access surgery are not so clear. The odds of morbidity increased by 0.1% each 100 g in splenic weight above 1000 g and five-fold for men compared with women. LS among patients with massive splenomegaly has a 0% mortality rate, 33% major morbidity, and 22% minor morbidity rate. Moreover, Patel et al 27 demonstrated that splenic weight is correlated to malignant diagnosis, white cell count, and blood loss, highlighting a longer hospital stay in patients with spleens above 1000 g.
McAneny et al 28 do not agree. They showed in a metaanalysis that after adjusting for age and diagnosis using multivariate analysis, spleen size was not a risk factor.
According to Casaccia et al, 24 malignancy is the only preoperative clinical parameter found to be predictive for both conversion to laparotomy and a complicated postoperative course. Even diaphragm lesions with a 0%-14% rate 26, 29, 30 are influenced by malignancy, as they are often due to inflammatory and neoplastic perisplenitis.
Splenomegaly and neoplastic perisplenic inflammation (conversion rate for HM patients reaches 11.7% in the Italian Register of Laparoscopic Surgery of the Spleen [IRLSS] study) 31 can be seen as a risk factor even though they represent a cause of conversion to the open technique. Casaccia et al 32 show that surgical conversion is a strong predictor for the occurrence of postoperative complication, leading to a frequency of morbidity that is three times higher compared with patients without surgical conversion. Targarona 33 noticed that in spleens weighing 400-1000 g, conversion rates were 0; however, rates were 25% and 75% for spleens weighing more than 1000 g and 3000 g, respectively. Romano et al 34 underlined that intraoperative bleeding (particularly in thrombocytopenic patients) is the main complication and main cause of conversion during LS. We obtained an average value of blood loss of 80 mL, whereas the average blood loss was more than 250 mL using the LigaSure vessel sealing system (Valleylab, Boulder, CO), even in pediatric patients. 35 Good practice would be to deflate the pneumoperitoneum, wait a few minutes, and inflate a second time in order to control the hemostasis, avoiding the risk of a false absence of bleeding due to the increased pressure of the abdomen. 36 Moreover, Keidar et al 37 suggest that preoperative hemoglobin and platelet count may also play a role in postoperative morbidity and that even if this has no statistical significance, severe anemia and a very high or very low platelet count will surely influence the physical response to surgery, as well as what happens in a patient who is subject to prolonged corticosteroid therapy. In fact, in Casaccia et al's 24 study, in the group of patients affected by idiopathic thrombocytopenic purpura, some pulmonary, urinary, and skin incision infections and some hemoperitoneum or abdominal fluid collection can be explained by long-term administration of steroids and a low platelet count.
Dominguez et al 38 tried to demonstrate that BMI was a risk factor, but the differences between the .40 BMI group and the ,40 BMI group were not statistically significant. In the first study performed on the IRLSS dataset by Casaccia et al, 31 BMI had a low impact on intraoperative and immediate postoperative LS outcome, but in the second study in 2010, 32 BMI played a major role in affecting the LS intraoperative outcome.
Problems due to obesity are more evident if an obese patient undergoes anterior approach splenectomy, where the appropriate retraction of the spleen must be performed against gravity, which leads to more capsular tears, increased blood loss, transfusion rates, and conversion rates. 19 Rescorla and Frederick 39 observed higher complication rates in children with sickle cell disease (SCD) undergoing LS, with a 10% acute chest syndrome (ACS) rate despite Open Access Surgery downloaded from https://www.dovepress.com/ by 54.70.40.11 on 27-Dec-2018 For personal use only. submit your manuscript | www.dovepress.com
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Romano et al prophylactic treatment and a longer length of stay. Hematologists have discouraged the administration of prophylactic aspirin for thrombocytosis in children, but the authors suspect that hematologists may have underrecognized this complication.
Postoperative complications
Possible postsplenectomy complications may be due to the surgery itself or to the consequent aspects of the asplenic condition.
Early complications (Tables 1 and 2) related to surgical procedures can be divided into two categories:
• Minor (grade I and II of the Clavien-Dindo classification), requiring pharmacological treatment or resulting in spontaneous recovery, through a longer hospitalization (often due to equipment malfunctioning). 40 Complications include fever, wound pain, and pain reflected to the left shoulder due to pneumoperitoneum, pleural effusion, and atelectasis showing regression after respiratory physiotherapy (10.6%), bronchopneumonia (BPN) (9.1%), portal or splenic vein thrombosis (PSVT) (8%), wound infection treated with antibiotics (4.5%), isolated hyperamylasemia, mild pancreatitis (4%), and minor blood collection spontaneously reduced • Major (grade III and IV of the Clavien-Dindo classification), which are considered quite rare, requesting a more invasive treatment (often related to bleeding).
Complications include blood collection (1%) and subphrenical abscess (2.5%), wound infection requiring evacuation, pleural and peritoneal effusion needing drainage, gastric distension and a dynamic ileus, pancreatic fistula, abdominal organ lesion (stomach 1%, colon, diaphragm 0%-14%), bleeding, and PSVT complicated by bowel infarction.
Bleeding
Bleeding is the most common intraoperative complication, with an incidence ranging from 1.9% to 20% in several studies (averaged rate 6.7%), most of all in the first postoperative 24 hours. Bleeding makes up 80% of causes for conversion to OS. 17, 41 In addition, it is the most common reason for a "second look" operation in the immediate postoperative phase. In the meta-analysis study reported by Winslow and Brunt, 16 the rate of hemorrhagic complications, when conversion to OS was not necessary, was not significantly different between the OS (2.4%) and LS (1.6%; P = not significant [NS]). However, when conversion for bleeding was included as a hemorrhagic complication in the same study, the LS group showed a higher incidence (4.8%), with a statistically significant difference with the open group (P , 0.01). The conversion rate for bleeding during LS in splenomegaly is significantly higher compared with LS performed in a normal size spleen. Even if compared with OS, LS in an enlarged spleen seems to be associated with lower morbidity, lower transfusion rate, and shorter hospital stay. 26 PSvT PSVT is one of the most important and possibly underestimated complications. A high index of suspicion, early diagnosis, and prompt anticoagulation therapy are key to a successful outcome. Targarona 42 noticed that studies published from 1993 to 2006 showed that the incidence of PSVT ranged from 0.9% to 52%. The reason for this variability lies in two main facts: first, some studies included splenectomy for trauma, whereas others included only hematological cases, with more or less malignant cases; and, second, the diagnosis of PSVT for some authors was a clinical diagnosis (so, only of symptomatic cases), whereas for others a diagnosis was based on lab tests or imaging.
The impact of the underlying disease process on the incidence of PVT after splenectomy is highlighted by an analysis of splenectomized patients with myeloproliferative disorders in which the incidence of PVT after splenectomy was 17.9%; in the study by Broe et al, only symptomatic portal vein thrombosis was reported. 43 Some groups have demonstrated an incidence of PVT, as detected by routine postoperative imaging, of 7%-10%. In retrospective studies of postoperative imaging surveillance for detection of PSVT, Petit et al 44 reported this event in 10.9% of cases, and Loring et al 45 reported it in 9.8% of cases with 20%-40% of asymptomatic patients. Loring et al retrospectively reviewed all postoperative imaging studies (ultrasonography, computed tomography [CT], or magnetic resonance imaging) of patients who had undergone splenectomy for hematologic disease and found that 50% of patients with myelofibrosis/myelodysplastic disorders developed PVT after splenectomy.
In Romano et al's 46 and Winslow et al's 47 study, the incidence is among 8%, an higher rate compared to most previously published studies. The main reason explaining this higher rate is that in both studies we could find no splenectomies for trauma but only splenectomy for hematological disease, where PSVT risk is higher.
PSVT may occur right after surgery or up to 3 years later (the average time between onset of symptoms Open Access Surgery downloaded from https://www.dovepress.com/ by 54.70.40.11 on 27-Dec-2018 For personal use only.
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implications for patients undergoing splenectomy and diagnosis of PSVT is 6 days ± 3.5 days). Prospective studies have found the median time from splenectomy to asymptomatic PSVT to be 6 days, 48 whereas the median interval from splenectomy to symptomatic PSVT ranged from 8 to 12 days in case studies and in retrospective studies. 49 With the majority of symptomatic PSVT occurring between the first and second week, it is likely to record a latency period between the development of PSVT and the onset of symptoms. However, cases that arose 2-4 months post-LS may not be strictly related to splenectomy but rather to other local precipitating factors or prothrombotic disorders (eg, malignancy, spherocytosis).
Ikeda et al 50 classified PSVT into five types: distal splenic vein thrombosis (dSVT), proximal splenic vein thrombosis (pSVT), superior mesenteric vein thrombosis (SMVT), intrahepatic vein thrombosis (iPVT), and extrahepatic vein thrombosis (ePVT).
PVT (intrahepatic and extrahepatic) is the most common site; the second is the splenic stump of the third mesenteric vein. The greatest risk for serious complications occurs when involvement of the extrahepatic portal vein or total splenic vein thrombosis interfere with flow from the inferior and superior mesenteric vein. Thus, patients with total splenic vein thrombosis are thought to have a poor prognosis and may be at greater risk of developing clinical symptoms compared with patients with other PSVT. 51 In fact, PSVT may be asymptomatic or may resolve spontaneously, depending on the extent of the thrombus. Isolated splenic stump or partial intrahepatic PVT can be asymptomatic. Portal or mesenteric extension will increase the severity of the clinical picture. Often, patients with PSVT complain of decreased appetite (88%), more severe than expected abdominal pain (75%), and malaise (63%). A few cases show tenderness on abdominal examination. Other symptoms are nausea, fever, ileus, diarrhea, jaundice, and ascites. They can all be misunderstood for classical postoperative symptoms or even of pancreatitis. With laboratory testing, the most common signs are leukocytosis and elevated platelet counts. In the initial phase of PSVT, liver function test findings are within normal limits, whereas serum lactate dehydrogenase levels are elevated. 52 Accurate diagnosis can usually be made by imaging methods, such as color Doppler ultrasonography, contrast-enhanced CT, or magnetic resonance tomography. Whether CT imaging is superior to ultrasound in this setting is not clear. The detection rate of thrombosis may be low because imaging is highly dependent on operator skill and because vision may be limited in cases of morbid obesity or bowel distension in the first days after surgery. CT with intravenous contrast does not establish the diagnosis of PVT, but it can exclude other intra-abdominal complications.
Early consequences of PSVT are mesenteric thrombus, acute hypertension in the splanchnic circulation, bowel infarction and necrosis, hepatic failure, and peritonitis; late consequences are subsequent deep venous thrombosis, thrombotic stroke, portal cavernoma, and esophageal variceal bleeding from portal hypertension.
Risk factors
Malignancy is the first independent risk factor for PVT, 42 especially when of myeloid origin (chronic myeloid leukemia and myelofibrosis). Incidence among patients with myeloproliferative disease ranges from 13% to 18% 52 because hematological malignancy is usually associated with splenomegaly and therefore a dilated splenic vein and a hypercoagulable state.
Furthermore, the incidence of PVT correlates directly with splenic size. 46, [53] [54] [55] A large organ is associated with a greater diameter of the splenic vein. Once legated, the large splenic vein stump allows the formation of thrombi and serves as the origin for thromboembolic incidents. In our experience, when stratifying the patients by splenic weight, the rate of splenoportal thrombosis increased as the spleen size increased. In fact, patients with a splenic weight .2.500 kg showed a rate of PSVT significantly higher (P = 0.02) compared with patients with a splenic weight ranging between 0.400 kg and 1.000 kg. Patients with both splenic weight .2.500 kg and myeloproliferative disorders had an 80% incidence of PSVT. Four patients (33%) had postoperative thrombocytosis with a platelet count exceeding 1.000 × 10 9 /L. 46 It is possible that early ligation of the splenic artery, use of an endoscopic vascular stapler, or distal or proximal ligation of the splenic vein could decrease PSVT risk, but their definitive role is controversial. In our study of laparoscopic splenectomies, hilar vessel section was performed much closer to the splenic parenchyma, without an increase of incidence of PSVT compared with the open studies (P = NS). 46 Some authors showed a significantly higher incidence of PSVT after LS (8%-52%) compared with OS (10%), but Ikeda et al 54 57 Our study shows that the two major differences between LS and OS within the operative technique 46 were pneumoperitoneum and ligation of splenic hilar vessels. In the OS group, splenic hilar vessels were legated conventionally, and the structures were divided close to the splenic parenchyma with an endoscopic vascular stapler or with the LigaSure vessel sealings during LS.
Nevertheless, we perform laparoscopic procedures with no more than 12 mmHg pneumoperitoneum, and considering a normal portal pressure at 10-12 mmHg, significant hemodynamic variation should not occur in these conditions. According to our experience, no differences of incidence of PSVT could be found between the two groups of patients.
Although platelet count and hypercoagulability can increase postoperatively, their role in the formation of thrombi is unknown. Infrequently, simultaneous undiagnosed clotting disorders may favor venous thrombosis and may even include extraportal segments such as the vena cava. The association between postsplenectomy thrombocytosis and portal vein thrombosis is unclear, because not all patients with thrombocytosis develop PSVT, and PSVT also occurs in patients with normal platelet counts. 46 In a study of 129 patients with extreme thrombocytosis, thrombosis was found in 3.4% of cases, 58 but a prospective observational study of patients with essential thrombocytopenia as compared with an age-and sex-matched control group failed to show an increased risk. 59 In any case, early mobilization allowed by laparoscopic surgery is a great advantage against thrombotic risk. 60 In Soyer et al's 52 study, patients developing PSVT also showed high levels of hemoglobin and platelets. Although thrombocytosis is quite common in the postoperative period, Soyer et al underlined that altered platelet function is more meaningful than absolute platelet count. Furthermore, both quantitative and qualitative platelet abnormalities seem to be related to the development of thrombosis, but the absolute platelet count is less important than platelet function in the pathogenesis of thrombotic complications. Therefore, frequent monitoring of platelet levels should be carried out postoperatively, and antiplatelet therapy should be considered early in the course for highrisk patients.
In our experience, nevertheless, only four patients (33%) showed postoperative marked thrombocytosis in the PSVT group. 46 According to Soyer et al, 52 female gender and decreased levels of coagulation inhibitors are risk factors, because estrogen reduces peripheral vasodilatation capacity and erythrocyte membrane stability. These changes result in vascular stasis and a tendency for thrombosis. Soyer et al analyzed a pediatric population and established no sufficient data to assert this correlation, so further studies are required. They suggest that postpubertal girls should be more closely investigated for the development of PVT after splenectomy.
Deficiencies in natural inhibitors of coagulation (protein C and S, antithrombin III, lupus anticoagulant, factor V Leiden, prothrombin mutation, dysplasminogenemia) account for 72% of portal and hepatic vein thrombosis. 47 According to our experience, even hemolytic anemia could be considered an independent risk factor, as it is not necessarily associated with splenomegaly and thrombocytosis, but this disease per se can increase the risk. According to our experience, we can say there were 12 cases of PSVT (7.6%) among 158 patients: five of them had a myeloproliferative disorder (41.7%), four (33%) had hemolytic disease, and three (25%) had lymphoproliferative disorder. 46 In conclusion, the presence of splenomegaly and myeloproliferative disorders associated with hypercoagulopathy, hemolytic anemia, hypersplenism, and hematologic malignancy are high-risk factors for the development of PSVT. 61 The rate of PSVT occurrence may be influenced by numerous other factors, such as technical details (early ligation of the splenic artery, use of the endoscopic vascular stapler, distal or proximal ligation of the splenic vein, pneumoperitoneum) or hematologic changes (postoperative elevation of the platelet count), but their role in the formation of thrombi is still unknown.
Management
Patients presenting one or more of the aforementioned risk factors need very careful surveillance for possible symptoms of PSVT, routine postoperative anticoagulation prophylaxis, and routine postoperative imaging even after hospital discharge. In our experience, low-dose subcutaneous unfractionated heparin prophylaxis is given to every patient with low-molecular-weight heparin (LMWH) (3000 U every 8 hours starting on the evening before the operation for at least 7 days). Patients presenting massive splenomegaly, hematologic risk factors, high postoperative thrombocytopenia, and myeloproliferative disease would benefit from postoperative routine surveillance imaging and more aggressive perioperative antithrombotic prophylaxis with LMWH. 46 The European Association for Endoscopic Surgery (EAES) recommends that perioperative anticoagulant prophylaxis with subcutaneous heparin should be applied to all patients, 62 which is confirmed by the experience of Ikeda et al, 48 who stated that the lack of thromboprophylaxis might have contributed to the remarkably high incidence in the study.
Tran et al 63 administered unfractionated heparin intraoperatively or within 12 hours after surgery to every patient. For patients with either extremely low platelet counts or for whom there was a concern about hemostasis, thromboprophylaxis was discontinued when patients were discharged (postoperatively on day 1 or 2). In Tran et al's study there was no statistically significant difference in the incidence of PSVT between patients receiving thromboprophylaxis and those who did not. Romano et al Further studies are needed in order to delineate the thromboembolic risk in every patient and optimize prophylactic strategy in terms of indications, dosage, and duration. Although the impact of thrombocytosis on the incidence of PSVT is not yet clear, long-term antiplatelet therapy (acetylsalicylic acid) may be advisable in high-risk patients. Some authors have suggested the administration of antiplatelet agents (dipyridamole, aspirin) when severe thrombocytosis occurs postoperatively, especially for platelet counts higher than a million (1000 × 10 3 /L). 64, 65 Other authors recommend a threshold of 650 × 10 3 /L to start administrating antiplatelet agents. 66 In this case, prophylactic administration of subcutaneous heparin remains controversial. Some authors have found that such prophylaxis is insufficient to prevent PVT in high-risk patients and recommend a combination of heparin, antiplatelet agents, and oral warfarin after hospital discharge. 42 Soyer et al 52 suggest evaluating coagulation inhibitors and D-dimer levels, especially in those patients at high risk, eg, female with splenomegaly and myeloproliferative disease. Krauth et al 49 also suggest screening for lupus anticoagulant in order to identify patients at risk for developing PSVT, especially in patients presenting elevated partial thromboplastin time.
Frequent monitoring of platelet levels should be carried out postoperatively. The optimal timing for image screening has not yet been defined, but in previous surveillance studies, it occurred from 3 days to 3 weeks postoperatively. 44, 48, 49, [67] [68] [69] Tran et al 63 suggest that ultrasonographic screening on postoperative day 7 can indicate a higher incidence of PSVT (22%), including all asymptomatic cases. This warrants routine surveillance with Doppler ultrasonography on postoperative day 7. Moreover, the authors showed that if asymptomatic PSVT does not develop at this time, it is unlikely to develop after 1 month, therefore subsequent screening at 1 month is not required. This implies that the major risk of thrombosis is perioperative due to clots formed in the splenic vein during or in the days following operation and embolized (rather than extended) into the portal vein system. 48 Ikeda et al 48 demonstrated that the incidence of PSVT found by using contrast-enhanced CT for screening is twice as high as most other studies using ultrasound.
According to a review by Krauth et al, 49 the overall incidence of PSVT detected by imaging in prospective studies is 12.3% with a range of 4.8%-51.5%. The highest incidences (19.0%, 22.5%, and 51.5%) were found in two prospective studies using CT imaging at 1 week and one study using ultrasonography repeated monthly for 6 months. 48, 54, 67 
Treatment
The selection of patients in need of therapy is not clearly defined. The mere existence of a thrombus is not a sufficient reason to treat patients, especially if they are asymptomatic.
It is unclear whether all patients, even those with small asymptomatic intrahepatic portal vein thrombi, require anticoagulation, because some of them showed complete resolution without therapy. However, given the potential risk of complications related to progression and the relatively low risk of bleeding 1 week postoperatively, we believe that anticoagulation for patients diagnosed with perioperative PSVT is advisable.
In cases of mesenteric thrombus, an immediate anticoagulant therapy with intravenous heparin should be administered, followed by oral warfarin therapy at hospital discharge. 70 In less severe cases, therapeutic doses of LMWH provide good results (90% recanalization if treated immediately). Local thrombolytic therapy with streptokinase or alteplase is a choice that is rarely necessary and rarely used by physicians.
All patients developing PSVT in our study were treated with intravenous heparin immediately upon diagnosis and switched to warfarin upon discharge. No patient received thrombolytic therapy or underwent thrombectomy. Our policy of treatment of patients with portal vein thrombosis has recently been modified by using high-dose LMWH instead of intravenous heparin. At follow-up, seven patients had successful portal vein recanalization, and all the patients were treated starting within 15 days after splenectomy; moreover, all portal veins remained patent in the cases responding to treatment. No patient developed the fatal complications of bowel necrosis or portal hypertension. 46 Van't Riet et al 71 demonstrated that all patients treated within 10 days after splenectomy had resolution of the clot, whereas no patient undergoing treatment more than 10 days after splenectomy presented clot resolution. In our experience, only those with early detection with immediate therapy of PSVT had recanalization of the veins.
Tran et al 63 suggest treatment with oral warfarin for 3-6 months and ongoing anticoagulation management at the discretion of the hematologist.
Soyer et al 52 
treat PSVT in children by administering acetylsalicylic acid 1 mg/kg/day and LMWH subcutaneously
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Pancreas injury
Pancreatic injury is one of the major and most severe complications after splenectomy, but incidence is as low as 1%-2%. Katkhouda et al 29 observed only two mild pancreatitis cases among 103 consecutive splenectomies. Chand et al 72 reported an incidence of 15% for pancreatic injury, also including isolated hyperamylasemia, pancreatic fluid collection, pancreatic abscess, amylase-rich drain fluid, and atypical postoperative pain.
Common clinical findings of pancreatic injury are excessive and long-lasting abdominal pain, fever, and incisional erythema. Lab tests will show hyperamylasemia and leukocytosis, so a routine check of amylase levels and WC on postoperative day 1 is recommended. In those patients where abdominal drainage is placed, if abdominal drainage is more than expected or has the characteristic cloudy appearance of pancreatic juice, the amylase content of the drain effluent should be measured. 60 In fact, large amounts of fluid in the splenic bed and left subphrenic space are associated with severe traumatic or vascular pancreatic injury or inadvertent resection of the tail of the pancreas.
Any suspicion must lead the surgeon to perform abdominal CT to investigate the presence of edema, peripancreatic fluid collection, subphrenic abscess, necrosis, and pancreatic pseudocyst. 17 Abdominal CT is far superior than clinical evaluation and the other radiographic modalities and can be used for the initial diagnosis, follow-up studies, and for guiding the aspiration needle for further diagnostic examinations. Often, the complication appears as fluid collection in the left subphrenic space or may be found as swelling of the tail of the pancreas, ill-defined fluid collections, pancreatic fistula, a subphrenic abscess, or a well-encapsulated pancreatic pseudocyst. Liquefying hematomas, infected hematomas, and abscesses secondary to gastric and colon injury should be considered in the differential diagnosis. 73 When the pancreatic duct or one of its branches is disrupted, either for traumatic or inflammatory reasons, a fistula can develop in communication either externally with the skin or, less frequently, internally with abdominal organs or peritoneal cavity. A fistula can lead to pancreatic fluid and electrolyte losses, bleeding, malabsorption, pulmonary problems, skin breakdown, and autodigestion or erosion of adjacent viscera, with a mortality rate ranging from 8% to 10%, especially due to sepsis and bleeding. Collection is most often noted on postoperative days 3 and 4. Amylase-rich fluid is the most common sign. Pancreatic fistulas can be demonstrated if contrast material is injected at the time of the percutaneous aspiration.
Risk factors
Postoperative complications related to the pancreas are due to the configuration, location, and vascular supply of the tail of the pancreas. We have experienced a higher incidence of left subphrenic fluid collections after splenectomy than after other upper abdominal procedures, with higher and longer-lasting elevation of amylase levels in the immediate postsplenectomy drainage. 73 Patients with splenomegaly present a significantly higher risk of sustaining a major pancreatic complication that may be due to technical difficulties. Chand et al 72 report that splenomegaly seems to be the only associated risk factor for pancreatic injury that is not influenced by the learning curve of the surgical team. They suggest that early use of the hand-assisted technique may help to minimize the risk of pancreatic injury in cases of splenomegaly.
Risk of pancreatic injuries may increase in patients with lymphoma and hilar lymphadenopathy where the dissection plan is not clear and in patients experiencing intraoperative bleeding due to hilum lesions, leading to hemostasis procedures, which may cause pancreatic tail damage. Even misplacement of the linear stapler device for hilum control can increase the risk of pancreatic injuries, due to the stapler being placed too high. 74 To prevent unintentional stapler damage, Vecchio et al 17 suggest stopping hanging up the spleen just before firing the device, in order to allow the fall of the pancreatic tail away from the stapler line. Moreover the lateral approach is to be considered better than the anterior approach, as the pancreatic tail and the splenic hilum are more evident in the first case. This approach gives a clear view of the pancreas, as the tail near to the hilum automatically slides down due to gravity. 19, 75 
Management
The first 72 hours are crucial to determine the patient's prognosis, since during this time span 30% of severe complications may occur. Segmental pancreatitis responds rapidly and without other complications to conservative medical therapy. Often, fluid replacement and nutrition support (total parenteral nutrition [TPN] for 4-6 weeks) can easily control Open Access Surgery downloaded from https://www.dovepress.com/ by 54.70.40.11 on 27-Dec-2018 For personal use only.
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Ninety percent of postoperative pancreatitis cases have a self-limited course of abdominal pain and hyperamylasemia for just 1 week. If these symptoms last longer, it means that the patient is experiencing ductal damage or peripancreatic necrosis, which can lead to the development of pseudocysts. Fluid collection must be drained by closed suction drainage for at least 4 days. If there is a fistula (.50 mL/day of amylaserich fluid draining from the percutaneous drain), the patient must be treated through endoscopic retrograde cholangiopancreatography, then monitored by CT and, if CT is negative, drainage can be removed. However, if the fluid collection is increasing, percutaneous and/or surgical drainage procedures are necessary. A fistula must be surgically closed only when the daily output is .200 mL/day. Most cases of low output fistula (,200 mL/day) can be treated with drainage, resuscitation with isotonic crystalloid solution, bowel rest, TPN, and correction of metabolic acidosis related to bicarbonate loss. Approximately 80% of external pancreatic fistula and 40%-60% of internal pancreatic fistula close spontaneously due to somatostatina and its analogs, such as octreotide, which can reduce basal and stimulated pancreas secretion if given in doses as small as 50 µg twice a day. 20, 76 Postsplenectomy necrotizing pancreatitis is a very rare complication and must be treated promptly. Surgical removal of necrotic tissue decreases mortality (50%-80% without necrosectomy, 10%-40% with necrosectomy). Diagnosis can be made after evaluation of contrast-enhanced CT (nonenhancing area among pancreatic tissue and peripancreatic fat) and after percutaneous needle aspiration. If this test shows a sterile collection, necrosectomy may not be necessary. Necrosis must be less than 50%. Necrosectomy must be performed if intensive care unit management (mechanical ventilation, hemofiltration, hemodialysis) is not enough.
Other complications
Subphrenic abscess is relatively common. Serosanginous fluid or fluid from a pancreatic fistula can be collected in the subphrenic space and become infected. Patients often present with a swinging fever and leukocytosis, and often have a reactive effusion in the left chest. Less common symptoms include hiccups from subdiaphragmatic irritation. Resolution is commonly achieved with a combination of percutaneous drainage and appropriate antibiotics. 60 ACS is a complication verified only in patients affected by SCD, occurring at a rate of 5.2% of patients undergoing LS and 33.3% if the open technique is applied. The exact etiology of ACS is unknown. Multiple factors have been proposed, including infection due to the lower immunocompetence of the SCD patient, in situ thrombosis from intraoperative site manipulation, hypoventilation secondary to chest pain, and pulmonary fat embolism. ACS can occur within the first 24 hours or even 1 month postoperatively. 77 In these patients, even vaso-occlusive pain crises, stroke, or an abnormal transcranical Doppler (24%) are quite frequent, as reported by Kalpatthi et al 78 Late complications are tied to pathological processes that start to develop right after the surgery, eg, cavernoma and esophageal varices caused by unrecognized PSVT, incisional hernia, and peritoneal adhesive band.
Splenectomy leads to hematologic and immunologic alteration, which can occur either right after the surgery or even years later. Whereas the first group includes platelet count increases due to splenic sequestration, the presence of erythrocyte abnormalities (ie, Howell-Jolly bodies), and ACS in SCD patients, the second group involves higher susceptibility to capsulated bacteria (overwhelming postsplenectomy infection [OPSI]) and hematological parasites.
OPSi
OPSI is a rare but life-threatening complication of splenectomy. OPSI is usually caused by the encapsulated bacteria Streptococcus pneumoniae, Haemophilus influenzae, and Neisseria meningitidis. Other pathogens in such infections may include bacteria such as Escherichia coli and Pseudomonas aeruginosa, Capnocytophagia canimorsus, group B streptococci, Enterococcus spp, Ehrlichia spp, and protozoa such as the Plasmodium spp.
Bisharat et al 79 showed an incidence of 3.2% for invasive infection and an overall mortality of 1.4% among adult patients and in 1.7% of children who underwent splenectomy. 80 In their review, the mean interval between splenectomy and infection was 22.6 months. The incidence of infection was higher for patients with thalassemia major (8.2%) and sickle cell anemia (7.3%) than for patients with idiopathic thrombocytopenia (2.1%), and higher in children with thalassaemia major (11.6%) and sickle cell anemia (8.9%) than in adults with the same diseases (7.4% and 6.4%, respectively). 79 Moreover, those patients who underwent splenectomy because of hemolytic anemia are regarded to be at a greater risk of OPSI, probably because the reticuloendothelial system works with a limited functional reserve. 80 Open Access Surgery downloaded from https://www.dovepress.com/ by 54.70.40.11 on 27-Dec-2018 For personal use only. The most reliable incidence data are probably those of Schwartz et al, 81 who found a risk of fulminant infection in one case per 500 person-years of observation.
Whereas some studies indicate that the risk of OPSI declines with time elapsed since splenectomy, 82 the estimated incidence rate is 0.8%-0.42% per year with a lifetime rate of 5%. OPSI carries a mortality rate of 38%-69%. 83 
Risk factors
The main risk factors are the age at which splenectomy occurs, with children younger than 2 years and the elderly being particularly at risk; the immunosuppression of patients; the reason leading to splenectomy, especially diseases where splenic function is compromised (eg, SCD); and the time interval after splenectomy (most cases occur within 2 years). The risk arises also in those who present another cause for immunosuppression, such as corticosteroids or cytotoxics. 83 
Management
Guidelines published by the British Committee for Standards in Hematology emphasized that most infections after splenectomy could be avoided through measures that include offering patients appropriate and timely immunization, antibiotic prophylaxis, education, and prompt treatment of infection. 84 The first step is to administer, 3 weeks prior to surgery, antipneumococcal vaccination with Pneumo 23 ® (Sanofi Pasteur, Lyon, France) with 23 antigens (to be repeated 3-5 or 5-10 years later), antimeningococcal vaccination with Mencevax ® ACWY (SmithKline Beecham, Brentford, Middlesex, UK) with four antigens, and antihemofilus influenzae with Hiberix ® antihemophilus influenzae B (Smith-Kline Beecham). Although there are no data confirming the optimum timing of the vaccine given postoperatively when LS is performed as an emergency, it is logical to give it at the time of discharge. Pneumococcal vaccine failures should be anticipated, either because of strains not included in the vaccine or because of poor vaccine-induced antibody response as a consequence of the splenectomy or underlying disease.
Annual influenza vaccination is also recommended for asplenic individuals. All of the vaccines listed can be given together, if necessary. 83 Then 3 hours before surgery, a preoperative antibiotic prophylaxis of cefazoline 2 g or clindamycin 900 mg is administered to the patient. According to the EAES guidelines, preoperative prophylaxis should be followed by intravenous amoxicillin (alternatively, erythromycin) administration. 62 Not all authors agree on the need to proceed with a long-term antibiotic prophylaxis. Some suggest the use of penicillin V for 2 years in the adult patient and for 5 years in the pediatric patient. However, long-term antibiotic therapy may be a risk factor for the selection of resistant strains, and efficacy may be reduced by noncompliance. On the other hand, all cases of OPSI reported in the literature are due to noncompliance of patients or splenectomized children's parents, such as the 9-year-old thalassemic child reported by Durakbasa et al. 80 In this case, the postmortem inquiry revealed that after being sent home following the operation, the patient had not been given any penicillin medication. In the same study, a boy with elliptocytosis died of overwhelming postsplenectomy sepsis 6 years after the operation while still on penicillin prophylaxis.
Penicillin provides prophylaxis only against sensitive pneumococci, meningococci, and streptococci, but it is suitable only for adults at 500 mg daily or twice a day. Amoxicillin is a preferred choice in children. Macrolides do not represent a suitable alternative of antibiotic resistance. For example, currently, 12% of pneumococci in UK are resistant to macrolides. In penicillin-allergic individuals, alternatives are either cotrimoxazole or a fluoroquinolone with Grampositive activity such as moxifloxacin. 83 Every splenectomized patient needs to be accurately informed. The first signs of developing OPSI are similar to those of influenza (fever, headache, vomiting) followed by bacteremic shock and disseminated intravascular coagulation. Death may occur within 6 hours of the onset of initial prodromal symptoms. Patients should have a 5-day supply of antibiotics ready to take at home at the onset of symptoms. 60 
Treatment
In case of infection symptoms and fever higher than 38°C, early antibiotic therapy with amoxicillin clavulanate 625 mg 8 hourly (cefuroxime 250 mg 12 hourly if rash with penicillin or if serious allergic reaction to cotrimoxazole or moxifloxacin) should be administered. Where there is a high prevalence of penicillin-resistant pneumococci (minimal inhibitory concentration .1 mg/L), linezolid 600 mg 12-hourly would be suitable. Should it not be enough, hospitalization should be planned.
In hospital, the patient should be resuscitated and managed in the intensive therapy unit. First of all, a sample for blood cultures must be taken. A combination of antibiotics should be given to cover the wide spectrum of bacteria implicated, such as ceftriaxone plus vancomycin or teicoplanin (plus rifampicin if highly resistant pneumococci are prevalent). A peripheral blood or buffy coat film should be examined immediately for the presence of circulating or intraleukocytic bacteria. If Gram-negative rods are seen, cover for Pseudomonas should be added. The presence of intracellular bacteria or morulae Newland 85 underlines that in his experience he has noted that only a very low rate of patients (13%) received all three vaccines before elective splenectomy and suggests that each patient undergoing splenectomy should carry a letter or a card to signal their status. Kyaw et al 86 showed that only half of patients received information about antibiotics prophylaxis.
For immunologic functions to be preserved, 25% of a normal spleen by weight for the respective patient age must be retained with adequate arterial perfusion. 87 In the1970s and 1980s, partial splenectomy (PS) was presented as an effective way to avoid OPSI. During the surgical procedure for hematologic diseases, 75%-80% of the splenic tissue was removed. When PS was performed for focal splenic tumors, the splenic remnant was around 70%. 88 In Vicka et al's 89 study, PS proved to be not only safe but also effective for the control of splenic sequestration in patients with SCD (in those patients, the upper pole was preserved with blood supply off the main splenic artery). Vicka et al's study was composed of few patients, and the results were not compared with total splenectomy cases, so it does not have any statistical significance. In the end, although it could be considered a means to avoid OPSI, PS should be avoided because of its poor long-term effectiveness and high recurrence rate of hematologic disease. Moreover, this technique does not abolish the risk of gallstone formation in patients suffering from hemolytic anemia. 80 There are a few cases where PS could be the best compromise, eg, children younger than 2 years who are unable to be vaccinated or patients living in countries where antipneumococcal vaccination is not available. 62
Conclusion
It is very important that patients get an accurate evaluation immediately after surgery and at time of discharge, in order to avoid underestimating any sign or symptom indicating complications, especially considering the short hospitalization period, which is a great advantage allowed by LS but could cause the underestimation of anomalies in physical examination and in lab tests.
Some authors suggest monitoring patients, paying attention not only to the most common major and minor complications (pleural effusion, atelettasia, BPN, wound infection, pancreatitis) but also to the potentially life-threatening, even if rare, complications PSVT and OPSI.
The patient should be accurately informed about all risks, be prepared to identify new symptoms that could arise at home, and share information with their family doctor.
Patients undergoing splenectomy (Figure 1 ) should be treated with a preoperative antibiotic prophylaxis of cefazolin 2 g and a perioperative thromboembolic prophylaxis LMWH (3,000 U every 8 hours starting on the evening before the operation and for at least 7 days). In PSVT high-risk patients, a combination of heparin, antiplatelet agents, and oral warfarin after hospital discharge is recommended, added to routine postoperative surveillance imaging with Doppler ultrasonography on postoperative day 7.
A routine check of amylase levels, WC, and PTL on postoperative day 1 is recommended and, in patients with abdominal drainage, the amylase content of the drain effluent should be measured in case of suspicion of pancreatic injury. If patients present this symptom or any other symptoms that potentially suggests pancreas injury, a CT should be performed.
In case of mesenteric thrombus, an immediate anticoagulant therapy with intravenous heparin should be administered, followed by oral warfarin therapy at hospital discharge. 70 In less severe cases, therapeutic doses of LMWH provide good results (90% recanalization if treated immediately). Local thrombolytic therapy with streptokinase or alteplase is not usually a necessary choice and is rarely used by physicians.
Finally, the Working Party of the Clinical Hematology Task Force has produced the following guidelines for the prevention of OPSI: • Pneumovax protection from S. pneumoniae: repeat every 5 years (children younger than 2 years need a modified vaccine) • HiB vaccine protection from H. influenzae • Meningovax protection from N. meningitides • Influenza vaccine annually may reduce secondary pneumococcal and H. influenzae infections • Antibiotics: postoperatively, children up to 16 years old should be offered long-term antibiotics such as phenoxymethylpenicillin or amoxicillin. For adults, the data are less clear. Adults are currently given antibiotics such as phenoxymethylpenicillin or amoxicillin for 2 years postoperatively. Patients who are allergic to penicillin should be offered erythromycin. 60 Moreover, patients must be accurately informed of any risk they could encounter and about what to do in case of infection. If patients present OPSI symptoms, they must be hospitalized and a combination of antibiotics should be given to cover the wide spectrum of bacteria implicated, such as ceftriaxone plus vancomycin or teicoplanin.
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